The order Thymo cretacei-Hyssopetalia cretacei Didukh 1989 combines chalk outcrop plant communities of the southwestern Central Russian Upland. Its specificity can be attributed to a rather peculiar and heterogeneous flora with a large number of endemic species. The question about its origin has caused a lively discussion, which has been going on since the late nineteenth century. Since 1989 works on the classification of these communities have frequently been carried out, but until today no unanimous decision could be reached. The purpose of our research was to conduct a critical analysis of the syntaxonomical structure of Cretaceous outcrop vegetation and to show its difference from the steppe vegetation of the class Festuco-Brometea Br.-Bl. et Tx. ex Soó 1947. The territory of our research covers the southwestern foothills of the Central Russian Upland and the Donetsk Range, located only within the steppe zone and characterised by Cenomanian chalk outcrops. In total 354 relevés were used for the analysis. The modified TWINSPAN classification was used for the analysis. Our research has shown that the order Thymo cretacei-Hyssopetalia cretacei includes twelve associations belonging to three alliances: Artemisio hololeucae-Hyssopion cretacei Romashchenko et al. 1996 , Euphorbio cretophilae-Thymion cretacei Didukh 1989 and Centaureo carbonatae-Koelerion talievii Romashchenko et al. 1996 . 
Introduction
The specificity of chalk outcrop flora and vegetation has been noted by botanists since the late nineteenth century and caused a heated debate about its origins (Tsinger 1885; Litvinov 1891 , 1902 , Taliev 1897 , 1904 , 1905 , Pachos'kyy 1910 , Kozo-Polyansky 1910 , 1925 , 1931 , Szafer 1928 , Kleopov 1930 , Lavrenko 1932 , Grosset 1935 , Hryn' 1938 . While Taliev (1905) regarded cretaceous flora as young and associated with human activities, most scientists accept the theory according to which its main core is relict and had formed long before the ice age. Because of the large number of endemic species confined to Cretaceous outcrops, this flora was called "Hyssopus flora" (after its typical element Hyssopus cretaceus Dubj) (Kozo-Polyansky 1931) . Also, Kozo-Polyansky showed that the flora of Cretaceous outcrops is heterogeneous and includes another component besides "Hyssopus flora", which he called "lowered alpine plants" (the unit of periglacial Pleistocene steppe). Typical representatives of this complex are Carex pediformis C. A. Mey., Carex humilis Leyss., Clausia aprica (Stephan) Trotsky, Alyssum lenense Adams and others. The core of this flora is formed by specific xerophytic endemic surface plants and squat plants confined to dry chalky substrates. They are characterised by grey stellate and weblike pubescence or waxy coating (Hyssopus cretaceus, Linaria cretacea Spreng., Scrophularia cretacea Spreng., Silene cretacea Spreng), which shows the processes of speciation in such conditions. Typical components of the flora are mountainous Mediterranean species, whose nearest occurence is in the Crimean Mountains (Euphorbia petrophila C. A. Mey., Asperula tephrocarpa (incl. A. cretacea, A. supina) (incl. A. kozopoljanskyi) , Polygala sibirica L.) and even Central Asian species (Atrophaxis frutescens (L.) K. Koch, Artemisia salsoloides, Krascheninnikovia ceratoides (L.) Gueldenst.). Thus, the floristic composition of Cretaceous outcrops is rather peculiar and heterogeneous, and it vastly differs from zonal steppe vegetation. As for taxonomy, it is characterised by the presence of endemic races, which sometimes get species status (Dobrochayeva et al.1987 , Klokov & Dobrochayeva 1974 , Cvelev 1996 .
The vegetation classification of the dominant basis is reflected in the works of Semenova-Tian-Shanskaya (1954) , Golitsyn et al. (1963) , Golitsyn (1965) , Hryn' (1973) , Kondratyuk et al. (1988) , Shelyag-Sosonko et al. (1991) , Tkachenko et al. (1998) and Vakarenko & Dubyna (2006 . Based on the specific conditions of substrate formation and apparent characteristics, H. Vysots'kyy (1915) , B. Kozo-Polyanskyi (1931) and E. Lavrenko (1961) named it "thymyannyky" (after the genus name Thymus). Ya. Didukh (1981) considered it an analogue of Mediterranean tomillares.
The first floristic classification of Cretaceous vegetation was obtained by Ya. Didukh (1989) . It was attributed to the order Thymo cretacei-Hyssopetalia cretacei Didukh 1989 and considered as part of the class Festuco-Brometea. Later, in 1996 and in virtue of additional studies, the chalky outcrop communities were assigned to the new class Helianthemo-Thymetea Romashchenko et al. 1996 , in which there are three alliances: Artemisio hololeucae-Hyssopion cretacei, Euphorbio cretophilaeThymion cretacei and Centaureo carbonatae-Koelerion talievii. After that studies have been conducted both in Ukraine (Didukh & Korotchenko 1996) and in Russia (Averinova 2005 , Demina, 2011 , 2016 Poluyanov 2009 , Sereda 2003 , 2008 ) that made some alterations to this classification. In the later construction EuroVegChecklist (Mucina et al. 2016) , the order Hyssopetalia cretacei was included in the class Festuco-Brometea. Purpose of our research was to conduct a critical analysis of the syntaxonomical structure of Cretaceous outcrop vegetation and to show its difference from the steppe vegetation of the class Festuco-Brometea.
Our key task was to critically analyse the classification of syntaxa described in previous years and to add novel information based on new data representing the whole research area within Ukraine and the Russian Federation.
Description of the research territory
The Central Russian Upland extends from Northwest to Southeast from the right bank of the Oka River to the Donetsk Range. In the West it is adjacent to the Dnieper Lowland and in the East to the Oka-Don Lowland; in the North its frontier follows the watershed of the rivers Desna, Oka and Don, and in the South it follows the watershed of the rivers Dnieper, Siversky Donets and Don (Karandeeva 1957) . The foothills of the Central Russian Upland are the plane inclined to the South and Southwest with elevations of about 190-200 m. It is deeply dissected by draws and ravines. In the South-East it borders with the Donetsk Range and the Siversky Donets valley. The Donetsk Range can be considered as foothills of the Central Russian Upland. It is located in the Donetsk region and the South of the Lugansk region, which belong to Ukraine and to the Rostov region of the Russian Federation. In the Donetsk Range, cretaceous outcrops appear only in the valleys of Siversky Donets and some of its feeders.
The south-western foothills of the Central Russian Upland are located within the forest-steppe and steppe zones and cover the territory of the Kharkiv, Donetsk and Luhansk regions of Ukraine and Kursk and the Voronezh, Belgorod and Rostov regions of the Russian Federation (Baranov 1969) . The research territory, 50° 52' 21" N, 38° 4' 26" E to 49° 30' 44" N, 36° 41' 48" E and 49° 30' 53" N, 43° 26' 04" E to 47° 27' 31" N, 40° 27' 30" E, covers the southwestern foothills of the Central Russian Upland and the Donetsk Range. It comprises only the steppe zone and is characterised by Cenomanian chalk outcrops. To the North, Cretaceous outcrops occur within the forest-steppe zone, featuring hyper-carbonatophiles (Thymus calcareus Klokov & Des.-Shost., Inula ensifolia L., Polygala sibirica, Bupleurum falcatum L.), but in species composition and structure, these communities are very different from Hyssopetalia cretacei (Golitsyin 1936 , Honcharenko 2000 .
The recent terrain of the Central Russian Upland is a result of the Neogene-Quaternary neotectonic surface emergence on the height of 200 meters, which was accompanied by tectonic and erosion-accumulative deformation. Tectonic deformations are the result of structural heterogeneity of submerging basal complex, the presence of deep lateral and transverse crust fractures and inherited geological structure of the platform's sedimentary sheath.
River valleys of the Siversky Donets and its feeders (Krasna, Aidar, Oskol) are wide, with steep right banks, which can be up to 100 m high. The right banks are dissected by a system of ravines and gullies. The ravines are fairly long for the most part and sometimes have the shape of a "circus". These formations indicate intense erosion processes in the past and present. The left banks are gently sloping, with well-developed upland terraces.
The research area is under conditions of sub-continental (subarid) climate, characterised by large temperature amplitudes between winter and summer periods. The average annual temperature is 7-8 °C, the average January temperature ranges from −4 to −6 °C, the average July temperature from +21 to +24 °C. Annual precipitation is in the range of 450-500 mm in most parts of the research territory, ranging up to 550 mm in the northwestern part in the Russian Federation (Figure 1a) . The central part of the reseach territory is characterised by considerable continentality and longer droughts in the summer period (Figure 1b) . The most continental and most arid territory is the south-eastern part of the Donetsk Range (Figure 1c ) with fairly irregular precipitation of 400-420 mm per year. The largest is the spring and early summer rainfall, followed by a sharp decline in the second half of summer and a subsequent rise in winter (Hrytsenko 2004 , Weather in Ukraine, 2014 . As the Walter climograph shows, such distribution determines a rather long (4-5 months) dry season, and its effect is further enhanced on the dry southern chalk slopes. This is one of the factors that determine the specificity of flora and vegetation. Under such conditions, black soils are formed in upland areas and rendzinas (sodcalcareous soils) and regosols (deluvial-carbonate soils) on the slopes with the chalk outcrops.
Materials and Methods
For the analysis we used 354 relevés made by Ya. Didukh and O. Chusova in the Kharkiv, Donetsk and Lugansk region of Ukraine and by O. Demina in the Rostov region of the Russian Federation from 1987 to 2015. In addition, we used 51 relevés from the Kharkiv region kindly provided by O. Bezrodnova as well as 178 relevés published by K. Romashchenko et al. (1996 ), A. Poluyanov (2009 , E. Averinova (2014) and M. Sereda (2008 Sereda ( , 2009 . To estimate the situation of Cretaceous outcrop vegetation in relation to other types, we used about 300 relevés of xerophytic herbaceous vegetation from the same territory. The plot sizes for relevés were from 25 to 100 m 2 . Unpublished releves were compiled in a TURBOVEG (Hennekens & Schaminee 2001 ) database. Unpublished relevés sampled by Chusova (112 relevés) were added to the GIVD World Warehouse in the Ukrainian Grassland Database (EU-UA-001). Unpublished releves sampled by Didukh (242 relevés) were added to the Vegetation of Lugansk region, Ukraine (EU-UA-008).
Floristic data were processed by using JUICE (Tichý 2002) . Clusterisation and syntaxa extraction were performed using a modified TWINSPAN algorithm (minimum number of groups -2, pseudospecies cut level -0 5 25; Simpson coefficient) (Roleček et al. 2009 ) implemented in the software package JUICE (Tichý 2002) . We also used the method of cluster analysis included in the STATISTICA 6.0 software package.
The diagnostic species of clusters were determined by the phi coefficient of fidelity (Chytrý et al. 2002) . Using Fisher's exact test at α = 0.05, species with a value of phi ≥ 0.3 were considered diagnostic, species with a value of phi ≥ 0.5 highly diagnostic. For dominant species, we adopted a projective coverage threshold of > 25% in the herbage and a 10% threshold of frequency.
We identified selected syntaxa on the basis of a critical analysis of publications (Didukh 1989 , Romashchenko et al. 1996 , Didukh & Korotchenko 1998 , Sereda 2008 , Poluyanov 2009 , Demina 2011 , Averinova 2014 , Mucina et al. 2016 . For the JUICE analysis, we have used the associations' typical relevés to identify them.
Nomenclature of syntaxa follows the International Code of Phytosociological Nomenclature (Weber et al. 2000) ; nomenclature of taxa is in accordance with the Euro+Med Plant base service (2006) or, in case of taxa not listed there, Flora Europaea (Tutin 1968 (Tutin , 1972 (Tutin , 1976 (Tutin , 1980 (Tutin , 1993 . We did use the name Hyssopus cretaceous Dubj. instead of Hyssopus officinalis L., though. Since the species of chalk outcrops are rather specific and narrowly local, many of them are endemic. However, in the Flora Europaea, these species are only listed as synonyms. Usually we have reduced them to synonyms that are accepted for Europe, but as for Hyssopus cretaceus, the situation is different. Within the research territory there are two subspecies of Hyssopus officinalis, which both form associations of petrophytic type, but are quite different in terms of morphology and ecology. Hyssopus cretaceus is reduced in Flora Europaea and Euro+Med Plant to the synonym Hyssopus officinalis ssp. montanus (Jord. & Fourr.) Briq., which occurs only on the chalk substrate in communities of the order Thymo cretacei-Hyssopetalia cretacei. Another subspecies is sometimes found on sandy soils (Demina 2012) . Since Hyssopus officinalis ssp. montanus plays a very important role in the communities we are considering and in order to separate it from subspecies with a different ecology, we decided to use the synonym here.
In the species composition analysis, it was taken into account that in our study region many species typical for Ukraine and southern regions are replaced by species that are similar in terms of environmental characteristics (e.g. Euphorbia cretophila Klokov and E. petrophila, Jurinea brachycephala Klokov and J. stoechadifolia, Genista tanaitica P. A. Smirn. and G. tinctoria L.) .
Results and Discussion
Most communities of Cretaceous outcrops are characterised by small species variety and high diversity of coenoses. The presence of a large number of local endemics among the dominant species is also characteristic for them. Some of the dominant species have diagnostic value at the level of associations, but the most typical species of these groups (Thymus calcareus, Pimpinella tragium (Woronow) Tutin, Artemisia hololeuca, Hyssopus cretaceus) are characterised by a fairly wide range. These features are important when selecting syntaxa.
Different authors in various regions described four alliances (Didukh 1989 , Romashchenko et al. 1996 , Averinova 2014 ) and 21 associations (Didukh 1989 , Romashchenko et al. 1996 , Didukh & Korotchenko 1997 , Sereda 2009 , Poluyanov 2009 , Demina 2011 , Averinova 2014 Tymetea is represented by 14 associations within the territory of the south-western foothills of the Central Russian Upland. A tree diagram was built based on the assessment of species similarity. There are two clusters in this diagram (Figure 2) . Cluster "A" covers communities of petrophy- The alliance Artemisio hololeucae-Hyssopion cretacei. Typical tomillares of this alliance are represented by communities dominated be chamaephyte subshrubs (Thymus calcareus, Hyssopus cretaceus, Pimpinella tragium and Artemisia hololeuca). The communities occupy steep (15-45°) slopes up to 30-50 m, with mostly southern and sometimes eastern exposure. Substrate is a loose, moving chalk. They are confined to the right river banks and are absent in the upland watershed areas. Characteristic features are the processes of denudation and superficial erosion resulting in feeble soil formation or its absence. The plant cover of these communities is quite patchy (30%). Diagnostic species of these communities are, besides the dominant, Asperula tephrocarpa Popov & Chrshan., Linum pallasianum Schult, Matthiola fragrans and Scrophularia cretacea. (Demina 2012 (Demina , 2016 .
Artemisio nutantis-Plantaginetum salsae
The subassociation L. m.-S. c. hedysaretosum cretacei is restricted to the upper part of slopes with northern aspect. It is formed on chalk washed-off regosols. These are the most "humid" communities, which are confined to northern slopes. Erodiophiles like Melica transsilvanica, Poa compressa and Thesium arvense have a significant share, whereas typical xerophytes are absent. Hedysarum cretaceum and Artemisia salsoloides are most frquent in these communities (Demina 2012 (Demina , 2016 These are the most common communities of the alliance. They are confined to Cretaceous eroded steep slopes (15-45°) on the right banks of the Siversky Donets basin with different aspects. These communities are sometimes covered by lime rock of the Upper Eocene in the valleys of the Nagolnaya and Kamyshnaya rivers (Demina 2012) . The communities of the association have a low plant cover (50%) and a diverse species composition with the same dominant species as mentioned before. For this reason we have selected five associations with rather poor diagnostic blocks. We consider them variants or facies with specific patterns of distribution, primarily with respect to exposure and steepness of slopes and to structure, mobility and density of the substrate. For example, Hyssopus cretaceus and Pimpinella tragium are dominant mostly on moving loose substrate on the northern slopes, while the southern slopes with compressed and strong substrate are covered by Artemisia spp. Under such conditions Thymus calcareus also dominates. It is a characteristic species of the associations of the next alliance. An ongoing involvement of Asperula tephrocarpa, Linum pallasianum and Polygala cretacea Kotov is also characteristic.
The alliance Euphorbio cretophilae-Thymion cretacei includes communities formed on looser substrate with evident organic content both on slight (20%) and on steeper slopes. The common name "jurineiniky" used for the communities of this alliance indicates the occurrence of Jurinea spp. ( J. stoechadifolia s.l., J. arachnoidea Bunge), which are diagnostic species of this association. Euphorbia petrophila, Helianthemum canum (L.) Hornem. and Thymus calcareus subshrubs also contribute to the communities of this alliance. Artemisia salsoloides is dominant on the steeper rocky slopes. With approximately 40-60%, the plant cover of these communities is higher than in the previous alliance. It is a quite rare association with specific diagnostic species. Outcrops along the Tuzlov River in the Rostov region are the only location of petrophytic communities with occurrences of Genista scythica in Russia (Sereda 2008) . In Ukraine Genista scythica grows only on the Donetsk Ridge and does not occur within the research territory.
Euphorbio cretophilae-Jurinetum brachycephalae
The communities of the alliance Centaureo carbonataeKoelerion talievii are confined to places with chalk deposits and outcrops. Unlike in case of the alliance mentioned above, carbonaceous rocks are immobile and very dense, but the soil is not formed (regosols) or undifferentiated (rendzinas). The plant cover is much denser, ranging from 30 to 70%. An important feature of this alliance is the quite strong floristic variability of its communities. They are based on the diagnostic species of the alliance, but in some associations, the diagnostic species are not clearly marked. That is why it is quite difficult to distinguish such communities solely by the floristic composition. The communities develop on slightly eroded chalk slopes and hilltops of the chalk mountains, on steppified sites with Cretaceous basis. The association is quite common and widespread. In general the plant cover may reach 80% due to the presence of Carex humilis and representatives of the Poaceae family. The well-developed vegetation cover prevents surface erosion. The communities are observed to have a high species diversity. Stipa spp. or other prevalent grasses act as dominant species. However, due to the general xerophytism and significant contribution of carbonatophiles, these communities belong to the order Thymo cretacei-Hyssopetalia cretacei. The association most commonly occupies areas transitional to the steppe vegetation adjacent to upland or steep (15-30°) southern slopes. In such places the plant cover contributes to soil accumulation. This association also includes communities with dominance of Carex pediformis, which is an arctic-boreal species. It is on the southern edge of its area here and is found only in a few exclaves. The coenotic range of the communities is quite narrow (Golitsyin 1958 , Didukh & Chusova 2014 This association combines communities that are typical for the Upper Oskol Region on slightly sodded chalky slopes with dominance of calciphilous shrubs and subshrubs. Its communities often occupy the most elevated relief elements, which are well warmed up, i.e. the upper and middle parts of steep (up to 40°) slopes with exposure to the South. They are less common on northern slopes and gentle hilltops (Poluyanov 2012) .
Pimpinello titanophillae-Artemisietum salsoloides
To estimate separated syntaxa in the general classification system of xerophilous grass-undershrub vegetation, we have processed the entire array of relevés and built a tree diagram on the basis of species composition similarity. As a result, there are six allocated clusters (Figure 3) , two of which (1 and 2) correspond to alliances of the order Thymo cretacei-Hyssopetalia cretacei. Relevés of steppe vegetation (order Festucetalia valesiacae) matched the clusters 3-5 and relevés of sandy steppes (class Koelerio- The position of Cretaceous outcrop vegetation communities within the modern system of syntaxonomical classification is quite debatable and depends on the interpretation of the size of different syntaxa. Considering Festuco-Brometea in a fairly wide range, it should be noted that calciphyte communities are common in the steppe zone and have been in direct contact with zonal vegetation so that some species of the class Festuco-Brometea are present in those coenoses. But in general, these events are quite random with low class constancy (I-II).
Inclusion of the order Thymo cretacei-Hyssopetalia cretacei into the class Festuco-Brometea can be considered as substitution of Stipo pulcherrimae-Festucetalia pallentis
Pop 1968 in the East. However, the difference in ecological conditions between them is that the first is common on dense carbonates (gypsum, dolomite, limestone) and the latter -on idiomorphic soils with different densities -often on loose and mobile regosols. In this respect, the Thymo cretacei-Hyssopetalia cretacei communities may be regarded as similar to Koelerio-Corynephoretea Klika in Klika et Novák 1941, and Stipo pulcherrimae-Festucetalia pallentis as an analogue of Sedo-Scleranthetea Br.-Bl 1955. They are similar in structure and growing conditions to the Mediterranean communities of the class Drypidetea spinosae Quezel 1964, where Mucina et al. (2016) included Crimean-Caucasian syntaxa of Onosmo polyphyllae-Ptilostemetalia Korzhenevsky 1990. But the location and status of this order has not been fully established yet. All of the above shows that a number of syntaxonomical issues are still unresolved and require broader discussion.
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Conclusions
We provided a comprehensive syntaxonomic survey of Cretaceous outcrop vegetation from south-western foothills of the Central Russian Upland. Based on relevés from Ukraine and the Russian Federation, we could conclude that all communities belong to the order Thymo cretacei-Hyssopetalia cretacei and are clearly separated from other steppe communities. 
